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At present, the question arises of mastering new methods of nanoscale profiling. Optical 
lithography today is the simplest and most technologically advanced method of forming structures 
with tens of nanometers in size. However, this method has reached its limit in the field of hard 
ultraviolet. The method of focused ion beams (FIB) is based on the interaction of accelerated ions 
with the surface of the substrate, which allows it to be modified with gallium ions and subsequently 
used for plasma-chemical etching (PCE). The PCE method, firstly, is based on the chemical 
interaction of the ionized working gas with the substrate, and secondly, on the ions physical 
interaction of the working gas with the sample surface [1-4]. 
The studies were performed using a scanning electron microscope (SEM) Nova NanoLab 
600 (FEI company, Netherlands), a plasma etching device in an inductively-coupled plasma STE 
ICP E68 (NTO, Russia) and a scanning probe microscope Ntegra Vita (NT-MDT, Russia). 
At the initial stage of experimental studies using the FIB method, the silicon surface was 
modified by a template with dimensions of 5x5 μm, with parameters with a minimum diameter of 
the ion beam, but with different number of its passes at each point (Fig. 1). 
After that, the samples were subjected to plasma-chemical etching in a fluorine-containing 
plasma at powers of WICP = 200 W, WRIE = 10 W, etching time of 30 and 120 seconds. 
At the next stage, the samples were studied by atomic force microscopy (AFM) (Fig. 2). 
Scanning was carried out by a semi-contact method. 
When the ion beam is applied to the silicon substrate surface, the material is modified. 
Further, the modified regions exhibit a masking effect. So, with the number of passes 10 and the 
etching time in the plasma of 30 seconds, the height of the obtained structures was 10 nm, and 
with an increase in the number of passes to 100 and the etching time to 120 seconds, the height of 
the resulting structures reached 250 nm. This is explained by the number of gallium ions implanted 
in silicon, which react with the working gas much less than silicon. 
 
Figure 1. SEM image of an obtained structures array. 
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Figure 2. AFM the formed structure image after PCE. 
This work was carried out using the equipment of the scientific educational center and the 
center of collective use "Nanotechnology". 
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